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Introduction 

Greenhouse gas emissions from vehicles, power plants, deforestation, and other human 

activities have increased temperatures around the world and changed other aspects of climate 

(IPCC 2007a). Published field research shows that climate change is also altering ecosystems 

by shifting biomes, contributing to species extinctions, and causing numerous other changes 

(IPCC 2007b). To assist Saguaro National Park (NP) integrate climate change into resource 

management, this report presents results of spatial analyses of historical and projected climate 

and a summary of published scientific findings on ecological changes related to climate change. 

 

Historical Climate Changes 

From 1901 to 2002, mean annual temperature increased across the western United States 

(U.S.) (Figure 1; Gonzalez et al. 2010) and showed a statistically significant increase in the area 

that includes Saguaro National Park (NP) (Figure 2, Table 1). From 1948 to 2012, mean annual 

temperature also showed a statistically significant increase at the Tucson airport weather station 

(Figure 2). From 1901 to 2002, precipitation decreased across the southwestern U.S. (Figure 3; 

Gonzalez et al. 2010), although it showed no statistically significant trend in the Saguaro NP 

area or in the 1948-2012 time series at the Tucson airport weather station (Figure 4). 

 

Historical Ecological Changes 

Field measurements from Saguaro NP and the surrounding area have contributed to the 

detection of statistically significant 20th century ecological changes attributable to climate 

change. Multivariate analysis of wildfire across the western U.S. from 1916 to 2003 indicates 

that climate was the dominant factor controlling burned area, even during periods of active fire 

suppression (Littell et al. 2009). Climate change has also caused bark beetle outbreaks leading 

to the most extensive tree mortality across western North America in the last 125 years (Raffa et 

al. 2008). Climate change has also shifted the winter ranges of a set of 254 bird species 

northward across the U.S. at an average rate of 0.5 ± 2.4 km y-1 from 1975 to 2004 (La Sorte 

and Thompson 2007). 
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Future Climate Projections 

The Intergovernmental Panel on Climate Change (IPCC) has coordinated research groups to 

project possible future climates under defined greenhouse gas emissions scenarios (IPCC 

2007). The three main IPCC greenhouse gas emissions scenarios are B1 (lower emissions), 

A1B (medium emissions), and A2 (higher emissions). Actual global emissions are on a path 

above IPCC emissions scenario A2 (Le Quéré et al. 2013, Raupach et al. 2007). 

 

For the three main IPCC emissions scenarios, projected 21st century temperature in the Saguaro 

NP area could increase three to five times the amount of historical 20th century warming (Table 

1, Mitchell and Jones 2005, Gonzalez et al. 2010). The average of ensembles of general 

circulation models (GCMs) of the atmosphere project decreased precipitation for the Sagauaro 

NP area under all three IPCC emissions scenarios (Table 1). For emissions scenario A2, 14 out 

of 18 GCMs project decreases in precipitation (Figure 5; historical average from Mitchell and 

Jones 2005, Hijmans et al. 2005; projections from IPCC 2007, Tabor and Williams 2010, 

Conservation International; analysis by P. Gonzalez). 

 

Projections indicate potential changes in the frequency of extreme temperature and precipitation 

events. Modeling under emissions scenario A2 projects 30 to 35 more days with a maximum 

temperature > 35ºC, 15 to 20 fewer days with a minimum temperature < 0ºC, and 10 to 15 more 

consecutive days with precipitation < 3 cm between the periods 1980-2000 and 2041-2070 

(Kunkel et al. 2013). 

 

Projected Ecological Vulnerabilities 

Analyses of ten populations of saguaro cactus (Carnegiea gigantea) in the national park and 

other sites across the Sonoran Desert from 1959 to 2005 did not reveal direct relationships of 

growth, recruitment, or mortality to climate change, although moister conditions can increase 

regeneration (Pierson et al. 2013). Likewise, analyses of invasion patterns of buffelgrass 

(Pennisetum ciliare L.) in the Santa Catalina Mountains from 1980 to 2008 found no significant 

correlation to climate, although warm winters can favor germination and establishment (Olsson 

et al. 2012). Analyses of vegetation plots in the national park and other protected areas indicate 

possible vulnerability of foothill palo verde (Parkinsonia microphylla), ocotillo (Fouquieria 

splendens), and creosotebush (Larrea tridentata) to increased aridity (Munson et al. 2012). 
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Table 1. Historical and projected climate trends for the area that includes Saguaro NP (Mitchell 

and Jones 2005, IPCC 2007, Gonzalez et al. 2010) and at the Tucson airport weather station 

(data National Oceanic and Atmospheric Administration). Historical climate and projections for 

IPCC emissions scenarios B1 and A1B calculated for the 50 x 50 km pixels that include the park 

(Gonzalez et al. 2010). Climate under emissions scenario A2 calculated for the 4 x 4 km pixels 

that include the park (data from Conservation International, using method of Tabor and Williams 

(2010)). Standard error (SE) for historical trends; standard deviation (SD) for other variables. 

 mean SD/SE units 

Historical     

temperature annual average, Saguaro NP (1901-2002) 20.9 0.6 ºC 

temperature linear trend, Saguaro NP (1901-2002) [SE] 0.9 0.2 ºC century-1 

temperature annual average, Tucson airport (1928-2007) 20.5 0.8 ºC 

temperature linear trend, Tucson airport (1928-2007) [SE] 2.6 0.4 ºC century-1 

    

precipitation annual average, Saguaro NP (1901-2002) 270 90 mm y-1 

precipitation linear trend, Saguaro NP (1901-2002) [SE] -2 11 % century-1 

precipitation annual average, Tucson airport (1928-2011) 280 80 mm y-1 

precipitation linear trend, Tucson airport (1928-2011) [SE] -7 18 % century-1 

    

Projected (1990-2100)    

IPCC B1 scenario (lower emissions)    

temperature change in annual average 2.6 0.7 ºC century-1 

precipitation change in annual average -6 10 % century-1 

    

IPCC A1B scenario (medium emissions)    

temperature change in annual average 3.5 0.7 ºC century-1 

precipitation change in annual average -3 10 % century-1 

    

IPCC A2 scenario (higher emissions)    

temperature change in annual average 4.5 0.7 ºC century-1 

precipitation change in annual average -12 10 % century-1 
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Figure 1. 
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Figure 2. 
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Figure 3. 
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Figure 4. 
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Figure 5. 
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